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Figure S1: Antibody phenotypes in PCR+ individuals.
(A) Study samples used for assay development. (B) Anti-S IgM reactivity observed in a random subset of historical controls. Binding
was confirmed in these samples in an independent experiment. No reproducible IgG reactivity to S trimers of the RBD was observed
across all historical controls in the study. (C) Serial dilution of n=30 random PCR+ individuals. ECV+ (n=4) controls are shown in red.
(D) Spearman’s rank correlation of PCR+ dataset features and antibody levels. DOB - date of birth; d-p SymO - days post-symptom
onset; d-p PCR – days post SARS-CoV-2+ PCR; PSV ID50 – neutralizing titer. (E) Adjusted fold-change compared to Category 1
PCR+ individuals. The effects of age (DOB), sex, days from PCR test were considered.

D

1.000

0.925

-0.028

-0.046

-0.074

0.007

-0.034

-0.288

-0.314

0.217

-0.043

-0.269

-0.309

0.925

1.000

0.025

-0.117

-0.169

-0.069

-0.155

-0.388

-0.433

0.139

-0.148

-0.354

-0.411

-0.028

0.025

1.000

-0.206

-0.303

-0.317

-0.240

-0.213

-0.246

-0.186

-0.181

-0.166

-0.220

-0.046

-0.117

-0.206

1.000

0.261

0.360

0.024

0.106

0.171

0.063

0.179

0.274

0.360

-0.074

-0.169

-0.303

0.261

1.000

0.710

0.432

0.250

0.312

0.397

0.400

0.604

0.503

0.007

-0.069

-0.317

0.360

0.710

1.000

0.196

0.081

0.113

0.213

0.225

0.438

0.346

-0.034

-0.155

-0.240

0.024

0.432

0.196

1.000

0.681

0.738

0.543

0.766

0.615

0.659

-0.288

-0.388

-0.213

0.106

0.250

0.081

0.681

1.000

0.919

0.414

0.600

0.551

0.549

-0.314

-0.433

-0.246

0.171

0.312

0.113

0.738

0.919

1.000

0.353

0.567

0.520

0.570

0.217

0.139

-0.186

0.063

0.397

0.213

0.543

0.414

0.353

1.000

0.683

0.532

0.437

-0.043

-0.148

-0.181

0.179

0.400

0.225

0.766

0.600

0.567

0.683

1.000

0.708

0.707

-0.269

-0.354

-0.166

0.274

0.604

0.438

0.615

0.551

0.520

0.532

0.708

1.000

0.902

-0.309

-0.411

-0.220

0.360

0.503

0.346

0.659

0.549

0.570

0.437

0.707

0.902

1.000

d-p
 Sym

O

d-p
 PCR

DOB
Sex Sev

eri
ty

IL-
6

PSV ID
50

S Ig
M

RBD Ig
M

S Ig
G

RBD Ig
G

S Ig
A

RBD Ig
A

d-p SymO

d-p PCR

DOB

Sex

Severity

IL-6

PSV ID50

S IgM

RBD IgM

S IgG

RBD IgG

S IgA

RBD IgA

-1.0 -0.5 0 0.5 1.0

200 2000 20000 200000
0.00

0.25

0.50

0.75

1.00

1.25

1.50

Serum dilution

O
D4

50
0

Anti-spike IgG Anti-S IgG

200 2000 20000 200000
0.00

0.25

0.50

0.75

1.00

1.25

Serum dilution

O
D4

50

Anti-nucleocapsid IgG Anti-N IgG

200 2000 20000 200000
0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

Serum dilution
O

D4
50

0

Anti-RBD IgG
A C

Samples used for assay 
development:
• 100 historical controls
• 38 PCR+ individuals
• 100 blood donor samples
• 20 individuals PCR+ for 

endemic coronaviruses in the 
past six months

B

Hisotrical donors
0.0

0.2

0.4

0.6

0.8

1.0

O
D4

50

Anti-S IgM

D
is

ea
se

 s
ev

er
ity

Fold change

IL-6

PSV ID50

IgG (S)

IgG (RBD)

IgM (S)

IgM (RBD)

IgA (S)

IgA (RBD)

E

Figure S1

b c

a

Supplementary Figure 1: Assay development and COVID-19 antibody phenotypes.
(a) Serial dilution of IgG responses so S, RBD and N in a random subset of RT-PCR+ samples used
for assay development. Indiviuduals PCR+ for endemic coronaviruses are shown by red dots and
lines for each assay. Anti-S Ab responses were frequently detected at 1:20,000 serum dilution using
this assay. All samples for the study were run at 1:100 dilution. (b) Serum IL-6 levels in a random
subset of RT-PCR+ samples across the clinical spectrum. IL-6 levels were measured using a
cytometric bead array. (c) In vitro virus neutralizing responses in a random subset of RT-PCR+
samples across the clinical spectrum. Error bars represent the geometric mean with 95% CIs.



Figure S2

A

Sensitivity and specificty of different methods using different cross validation sampling
LDA-SVM (ENS)

B

Figure S2: Performance of different probabilistic approaches.
(A) Comparisons of specificity and sensitivity for the different probabilistic methods (and 3 and 6 SD 
thresholding) using different cross-validation strategies. (B) ENS probabilities when applied to healthy donor 
test data, providing a highly sensitive, specific and consistent multi-dimensional solution to the problem of low 
responders, and assigning each data point a probability of being positive. 

a

b

Cutoff-independent algorithms for classifying SARS-CoV-2 IgG responses
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Supplementary Figure 2: Comparison of probabilistic and SD-based methods for determining
seropositivity.
(a) Comparison of logistic regression (LOG), linear discriminant analysis (LDA), support vector
machines (SVM) and quadratic SVM (SVM2) to 3 and 6 SD cutoffs in the training data. Ensemble
learners that provide equal-weighted outputs from their parent methods were also created: ens:
SVM-LDA; ens2: SVM2-LDA. (b) Sensitivity and specificity behaviors of each method.




